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It has been known for a number of years that it is possible to inocu-
late laboratory  animals  such as monkeys  and  rabbits  with material
from  patients  suffering  from  yaws  and  that  the  infection  may  be
transmitted  from animal  to animal by appropriate  methods.  It was
hoped that the experimental infection might assist in solving the much
discussed question of the identity or non-identity of the two diseases-
yaws and syphilis-since it is the consensus of opinion that no absolute
differentiation  can  be  made  upon  the  basis  of  the  morphological
characteristics  of  Treponema  perienue  and  Treponema  pallidurn.
However,  those  who  have  had  a  large  experience  with  yaws  are
practically unanimous in the view that it is not an attenuated or other-
wise  peculiar  type  of  syphilis  but a  separate  clinical  entity  with  a
distinct  symptom  complex.  The  development  of  typical  manifesta-
tions  of  one  disease  in  patients  already  suffering  from  the  other
strongly supports this opinion, and there are a number of other reasons
such as the usual mode of infection,  the general  course of the disease,
and its geographical  distribution which  make it difficult  to  consider
the two conditions  as caused by a common agent.
The  infection  of  experimental  animals  with  Treponema pertenue,
however,  has yielded little information which would clarify the situa-
tion since it has been thought  that the lesions  so  closely  resembled
those which might be produced by Treponema pallidum that it would
be  difficult,  if  not  impossible,  to  differentiate  one  from  the other.
This has  been most  emphasized  in experiments  in which the rabbit
has been employed.
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Thus, Schamberg and Klauder (1),  who have recently studied a strain of yaws
obtained  from an American  soldier whose infection  was contracted  while serving
in France, state that there are no essential  differences in the experimental  testi-
cular lesion of syphilis and yaws and that apparently this is the case histologically.
Nichols  (2),  working in  1909-10  with  a strain of yaws obtained  from a  colored
soldier returning from the Philippines, thought that the difference in the lesion of
syphilis and yaws in the monkey seemed  the surest way to differentiate the two
organisms, as he found that in yaws the incubation  period  was 2 to 3 weeks, the
lesion was elevated, slightly scaly and very edematous,  while in syphilis the incu-
bation period was about 4 weeks and the lesion was flat, dry, and very scaly.  In a
comparison  of  the  testicular lesions  in rabbits  produced by the  same strains of
T. pertenue and T. pallidum, Nichols considered  that there were differences  only
in degree;  the nodules in the syphilitic animals seemed larger and had a necrotic
center, and histologically there was evidence of a more active inflammation.
Reasoner  and  Nichols  (3),  in  discussing  the  use  of  arsphenamine  in  non-
syphilitic diseases, state that the growth of T. pertenue in the rabbit is very similar
to that of T. pallidum and can be differentiated  from syphilis only after consider-
able experience.  The grounds for such a differentiation  are not given, but in a
previous  paper Reasoner  (4) has included in a table covering the points of differ-
ence exhibited  by five  strains of T. pallidum, a summary  of  the characteristics
shown by  a strain  of T. pertenue.  The most striking of these  is  the absence of
generalized  lesions in such sites as the eye.  Recently, Nichols (5) has worked with
strains of T. pertenue obtained from Panama and has come  to the conclusion that
in the yaws-syphilis group of organisms the indications are that there is a series of
strains which eventually can be differentiated.
It  is evident,  therefore,  from  these  few  references  to  the work of
others, that in so far as the experimental infection in the rabbit is con-
cerned  no  characteristic  lesions  typical  of  Treponema pertenue have
been observed.  The great diversity  in the disease picture  of experi-
mental syphilis in rabbits not only as regards the primary lesions, but
the course  of the infection,  including  the generalized manifestations,
further complicates  the  problem.  On the other  hand, it is possible
that a study of the entire disease process in the two infections  might
show  differences  which  would  not  be  evident  in  a  comparison  of
isolated lesions at a particular  time.
During the past 4 years we have had the opportunity of  studying
two strains of Treponema pertenue for which we are indebted to Major
H. J.  Nichols  and Dr. Howard  Fox (6).  Both strains were  derived
from patients  who had  acquired  yaws  in the American  tropics,  and
when inoculated in rabbits induced a similar disease picture.  There is
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a certain  amount  of  evidence  to  show  that  animals  inoculated  with
yaws  material  derived  from  other  localities  may  show  lesions  of  a
somewhat  different character.
Although  the present  paper  contains  a general  description  of  the
reaction to the infection produced by these strains in rabbits, its chief
purpose  is to report  the occurrence  of a peculiar  type  of periorchitis
following intratesticular inoculation which has occurred  so frequently
in characteristic form as to enable one to distinguish the condition from
experimental  syphilis.  Other  experiments,  such  as  those  in  which
crossed inoculations were made with Treponema pallidum, will appear
later.
EXPERIMENTAL.
Strains of Organisms.
Y I.  The strain was obtained in May, 1920, from Major H. J. Nichols who sent
us a rabbit which had been inoculated in both testicles with material derived  from
the first rabbit passage from the patient, a native black child in Panama, suffering
with a typical case of yaws.
Strain Y I was carried for seven generations over a period of 2J years.
Y II.  This strain  was obtained in December,  1921,  directly  from  a  negress,  a
patient of Dr. Howard Fox, who had come to New York 4 months previously from
Montserrat,  British West Indies.  For a description  of this patient  the reader  is
referred  to Dr. Fox's paper (6); it is of interest from the standpoint of differential
diagnosis  to note that a prompt  regression  of  lesions  followed  four injections of
neoarsphenamine.  The material for animal inoculation  was obtained  fron the raw
surface  of  several  yaws  before  treatment  and  was inoculated  directly  into the
testicles of normal rabbits.  Actively motile spirochetes of a long slender character
were seen by the dark-field in the fluid used for inoculation.
Strain Y II has been carried for twenty-one generations during the past 3 years.
Methods of Inoculation.
The routine passage  of these strains has been accomplished by the
same technique as that used in our work in experimental syphilis  (7).
In general, inoculations were made at intervals of 4 to 6 weeks using, by prefer-
ence,  rabbits in which the lesions were increasing actively.  Pieces of the infected
testicle and its tunic were minced fine in a sterile mortar and ground with a small
amount of sterile normal  saline.  Sand was not used.  Dark-field examination  of
the emulsion usually showed  numerous  motile spirochetes  although occasionally
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only a few would be seen in the examination  of several fields.  The majority of in-
oculations  were made  with emulsions  showing two to  four organisms per  micro-
scopic field and on an average,  0.3 cc. of the tissue emulsion was injected into one
or both testicles of adult or young adult normal rabbits.  As a rule, only one tes-
ticle was inoculated.  In  a few instances, intratesticular  inoculations were made
with saline emulsions of inguinal or popliteal lymph nodes.  Organisms were never
demonstrated by the dark-field in this material.
A few scrotal inoculations were also made by the insertion of small bits of tissue
or by the injection  of a small amount  of  a tissue  emulsion  directly beneath  the
scrotum.  The  experiments  dealing with  scrotal  inoculations are not reported in
the present paper.
Local Reaction to the Infection.
The material upon which the present description  is based has been
obtained solely by the method of testicular inoculation.  This point is
emphasized  since  other  methods  may  result  in  the  production  of
different lesions  and because  a  comparison  will  be  made  with  the
lesions produced by Treponema pallidum with this route of inoculation.
Under  the  conditions  of  routine  transfer  of  these strains of  Trep-
onema pertenue, the  initial  reaction  which  developed  during  the 1st
week  or  10  days consisted  of  a  slight  swelling  of  the testicle  with a
diffuse  resistance  of  minor  degree.  These  changes  are  commonly
encountered  after  the  intratesticular  inoculation  of  a  variety  of
materials and are not distinctive.  Occasionally,  however,  no  altera-
tion could be detected by palpation.
During the 2nd and 3rd week the character of the reaction changed.
In  the majority  of  animals  the  diffuse resistance  continued  into the
4th week  and  might  or  might  not become  somewhat  more  marked.
In a number of  instances,  however,  the testicle  became atrophic  and
gradually quite fibrous while in others the diffuse reaction was accom-
panied by or gave place to a small resistant or nodular area.  In some
animals a definite nodule developed,  but induration in the  sense of a
well marked  firmness  or  hardness  sharply  demarcated  from  the soft
parenchyma  rarely  occurred.
The  most  conspicuous  element  of  the  reaction  was  a  peculiar
periorchitis which,  in our experience,  is unlike  any lesion observed in
pallidum infections  and is  so  typical as  to serve as  a distinguishing
feature of the infection produced by these strains.
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The lesion was first observed in the original rabbit infected with Strain I (second
animal passage)  as well as in the first  animals inoculated  with Strain II directly
from the patient and has been almost constantly observed in subsequent passages
of both strains.  It was detectable  clinically  about 3 weeks after  inoculation,  at
which time a fine granulation  of the tunic could be easily felt; at first only a portion
of the tunic in the general vicinity of the needle puncture was affected, but usually
the condition  increased rather rapidly so that wthin a week or two most or all of
the covering of the testicle was involved.  In addition, the tiny nodules increased
in size with  the production  of  a characteristic  picture as  shown in  Fig. 1.  On
removal of the testicle at this time the nodules were found scattered over the sur-
face' of the visceral  layer of the tunica  propria;  they  were  translucent  or semi-
translucent,  of a pale  grey color, and quite indurated.  As  the lesion grew older
many of the tiny nodules were opaque and white or slightly yellowish, particularly
in the center.  In practically all cases the parietal layer of the tunica propria was
uninvolved.  In size  the nodules were rarely larger than a mm.  in diameter and
many of them were distinctly  smaller.  It was found upon close inspection  that
the tiny nodules of the tunic were not entirely uniform but that the surface showed
irregularities of a minute point-like character.
There was a definite relationship, however, between  the number and size of the
nodules.  Thus, as happened in a few cases, there might be a single large nodule of
5.0 to 8.0 mm. in diameter with none or only 3 or 4 small nodules.  Such was the
condition in the original rabbit  of our Strain I series.  The large nodule,  situated
upon the upper anterior surface of the testicle and lower portion of the head of the
epididymis,  presented  a warty or cauliflower  appearance  and was  pedunculated.
Just below it there were three nodules of the usual size.
The periorchitis  also included  a  diffuse  thickening  of  the tunic.  At first  this
was of a very minor grade but gradually  the process became somewhat  more  pro-
nounced  and frequently  an area or two  of localized  thickening  developed,  as  is
illustrated in Figs. 2 and 3.  There was a striking absence of congestion and of any
free  fluid in the scrotal sac.  The tunic presented a semitranslucent grey appear-
ance and was only a little more resistant on section than normal although the areas
of more  pronounced  thickening  were moderately  indurated.  The small nodules
not only projected above the surface but many  were  seen to be within the  tunic
itself, particularly as late as 6 or 7 weeks after inoculation, and it is probable that
they gradually became included in the process of diffuse thickening.
The  duration  of  the  periorchitis  was  found  to  be  variable.  In
general,  it was most marked  5 to 7 weeks after inoculation, as deter-
mined  by palpation,  after which regression occurred  fairly rapidly, so
that  by  the  8th  to  10th  week  the tunic was  again  only  slightly
thickened and the nodules few in number.  In most cases nothing could
be palpated 3 months after inoculation but in some animals the condi-
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tion was more prolonged,  as may be seen in Fig. 4, which shows  the
condition of the testicle and tunic 87 days after inoculation.
The reaction in the testicle itself following the intratesticular inocu-
lation of these two strains of Treponema pertenue  was considerably less
pronounced  than that in the tunic.
As has  been mentioned  above,  a slight swelling and diffuse  resistance  usually
occurred  during the 2nd week after inoculation  which,  in the succeeding  weeks,
became  somewhat more marked  (Fig. 2) or, as occurred in a considerable propor-
tion of the animals, was followed by an atrophy of the testicular parenchyma.  In
other  animals,  areas of localized  resistance  gradually  developed  within  the  sub-
stance of the organ.  During the 2nd month after inoculation  cross-section of the
testicle usually revealed a somewhat  bulging and swollen parenchyma with prom-
inent and rather large lobulations.  The surface was slightly moist, semitranslucent
or opaque in  character,  and of  a greyish  pink or slightly  yellowish  color.  If a
nodular area was present it was superficially  situated directly beneath  the tunic,
as shown  in  Fig.  3,  and  here  increased  resistance  was  encountered  on  section.
The instances in which the testicular lesion had progressed with the development
of several small nodular areas is illustrated by Fig. 4.  In such cases the lobulation
was  more  pronounced  and  usually  the  organ  was slightly  congested,  a  feature
which  was entirely  absent  in the earlier and less marked  testicular lesions.  In a
few cases definite  nodules of approximately  1.0 cm. in diameter developed within
the testicle but this type of reaction was very infrequent.  These nodules otherwise
were quite similar in appearance  to the smaller ones just described.'
It  was not uncommon to find a  few tiny nodules on the surface of
the  epididymis.  Occasionally,  however,  one  could  detect  clinically
that the epididymis itself had become involved by its enlargement  and
induration  (Fig.  5).  The  surface  and  section  of such  a  lesion  were
somewhat opaque and  of a yellowish or pinkish grey tint; on section
it was  seen that  the involvement  was  of  a nodular  character.  The
1 While  we  cannot  enter at  this time  upon  a  description  of  the  microscopic
changes  in  the  tunic  and  testicle  following  the  testicular  inoculation  of  tissue
emulsions  containing T. perenue, mention  may  be  made  of  certain  histological
features of well developed active lesions.  There is an irregular swelling and thick-
ening of the tunic with a variable degree of edema and round cell infiltration.  The
alterations in the testicle are predominately interstitial and consist largely of a round
cell infiltration  although some  degree  of edema  is usually  present.  The walls of
the blood  vessels  both  in the tunic and  in  the testicle  are  somewhat  thickened,
but not  to the extent  commonly  seen  in lesions  induced by T. pallidum and, in
addition, there is little or no round cell infiltration about the vessels.
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head of the epididymis has been affected more frequently than the tail.
Generally  the  condition  has not been palpable  earlier  than  6  weeks
after inoculation  and has been associated  with more persistent lesions
of  the tunic  and  testicle  or has  occurred  as a  residual  process  after
regression and healing of the tunic and testicular lesions.
Treponemata  were  numerous  in  emulsions  of  tunic  in  which  the
periorchitis was present but were less abundant in emulsions prepared
from the  testicular parenchyma proper  or from the epididymis.
Edema  of  the  scrotum  and  tunics,  which  is a frequent  and  con-
spicuous feature of the testicular reaction toinoculations of Treponema
pallidum,  has  not  been  observed  with  these  strains  of  Treponema
pertenue.
It  should be stated, in concluding  this description  of the  course of
the  primary  reaction  to  intratesticular  inoculations  of  Treponema
pertenue, that the average  time periods of various phases of the reac-
tion, as given above, apply to conditions of fairly regular transfer at
intervals  of  4  to  6  weeks.  In beginning  this  work  with  material
recently isolated  from patients,  the  incubation  period and  the  time
required for the development of a well marked periorchitis were longer
than was afterwards  the case and,  furthermore,  there was a  tendency
toward a somewhat longer persistence  of tunic and  testicular lesions.
However, the typical character of the periorchitis itself was manifested
in the first generations of animal passage.
Generalized Lesions.
Metastatic Lesions  of the  Uninoculated Testicle.-Palpation  of  the
uninoculated  testicle  has  frequently  revealed  a  slight  swelling  or  a
suspicious thickening  or resistance  of  the  organ  or a slight  granular
feeling  of the tunic, but such clinical  changes have shown little or no
tendency toward further development.  Dark-field examination of the
fluid  obtained  by  aspiration  or  directly  after  castration  from  the
uninoculated  testicle  and its  tunic has been  made  many  times but
only once  were  spirochetes  demonstrated.  This instance was in the
case  of a rabbit which had been infected  110 days previously; at this
time no gross lesions  could be felt or seen in the left or uninoculated
testicle and the right testicle showed only a residual atrophy.
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However, it is not unlikely that organisms always find their way to
the uninoculated testicle with the consequent production of minor and
perhaps transient lesions.  That such may be the case is indicated by
the following experiment.
A rabbit  which  had  been  inoculated  unilaterally  76  days  previously  had an
atrophic right testicle  with a regressing  periorchitis.  The left testicle had shown
a diffuse resistance of slight grade for a week but there were no enlargement and no
focal  lesions,  and on  castration  it  presented  an essentially  normal  appearance.
No spirochetes  were  demonstrated by  the dark-field  in fluid  aspirated from  the
testicle before castration or in the tissue emulsion prepared from it.  Nevertheless,
both rabbits inoculated intratesticularly with this emulsion were clinically positive
in 3 to  4 weeks,-spirochetes  were  demonstrated  by  examination  of  aspirated
fluid and a typical granular periorchitis developed rapidly.
Nichols  (2)  has drawn attention to the migration of  spirochetes  to
the opposite  testicle.  In one of his yaws rabbits inoculated with the
Philippine  strain,  a lesion  developed  30  days  after  castration of the
inoculated  testicle.  The  type  of lesion is not described  but presum-
ably it was similar to the nodular lesions developing in the inoculated
testicle.
No experiments  have been carried out to determine  the time limits
in which spirochetes  can be recovered from the uninoculated  testicle,
but from what has been said above, it is not improbable that they could
be demonstrated during the period in which lesions of the inoculated
testicle were present and for a variable time thereafter.  However, it
should be pointed out that it is not known how long spirochetes  can
be recovered,  by animal inoculation, from the inoculated testicle and
tunic after the healing of their lesions  as determined by palpation and
by inspection  of the  castrated  organ.  Reasoner  (4),  in summarizing
his observations of  162 rabbits inoculated with yaws with the produc-
tion  of  chancres,  states  that  an  extension  to  the  opposite  testicle
occurred in 100 per cent of the cases.
Superficial Lymph Nodes.-During  the first 10 days to 2 weeks after
inoculation  of  the  testicle  alterations  in  the  corresponding  inguinal
lymph  node  were  not infrequently  palpable  consisting  of  a  slight
swelling and an  increase  in resistance.  Quite  rapidly,  however,  the
node usually decreased in size and at the same time became indurated
or shotty and then fibrous so that by the time the granular periorchitis
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was well marked,  that is, in 5 to 6 weeks, the node was usually a small
fibrous  mass.  Such  a  condition  often  persisted  for  some  weeks  al-
though not infrequently the node appeared to  be  normal  when  some
residual lesions  could still be felt in the tunic of the testicle or epidid-
ymis.  On  the other  hand, complete  healing  of these lesions has not
been associated with a residual inguinal adenitis.  In a certain number
of rabbits, however, no definite changes in the inguinal nodes could be
made out clinically at any period of  the primary lesion.
Clinical  changes  in  the  popliteal  nodes  which  are  so  constantly
associated with  Treponema pallidum infections  of the rabbit were not
found to occur in  infections with Treponema pertenue.  Occasionally
there was a slightpopliteal adenitis during the early stages of the testicu-
lar lesions but it was so inconstant as to be of no significance as a diagnos-
tic sign  of the presence of an infection.  During the later stages of a
well developed  periorchitis, however,  the popliteal  lymph  nodes were
occasionally indurated or extremely fibrous and definitely smaller than
normal and this condition might persist after healing of the testicular
lesions.  It  will  be  recalled  that with  a well  established  orchitis of
syphilitic  origin the popliteal  lymph nodes  are  generally  somewhat
enlarged and resistant and that some alteration is usually found in all
stages of a syphilitic infection, including the period  of latency.
Only  a  few  experiments  have  been  carried  out  to  determine  the
presence of Treponema  perlenue in inguinal or popliteal lymph nodes by
the method of animal inoculation.  In one instance  a positive  result
was obtained.
An  emulsion  of inguinal  nodes  was  injected  into  the testicles  of  two  normal
rabbits with the production,  in one  animal, of  a typical periorchitis  from which
spirochetes were demonstrated.  The nodes were removed 69 days after a bilateral
testicular inoculation;  at this  time  there  were no  palpable  or  visible lesions  of
testicles,  tunics, or epididymides.  The right inguinal node  was slightly enlarged
and indurated  while the left was markedly enlarged  and cystic.  A similar cystic
abnormality was noted in four other superficial lymph nodes of this animal.  No
spirochetes were seen by the dark-field in emulsions prepared from various portions
of the testicles  and epididymides as well as the inguinal nodes.  This is the only
instance in our entire series of yaws rabbits in which cystic changes  of the lymph
nodes have been observed.
Other Generalized Lesions.-Although we  have  followed  many  in-
fected rabbits for periods  of months and several  for a year or longer
681INFECTIONS  WITH  TREPONEMA  PERTENUE
we  have  never  detected  any  lesions  of  the  bones,  periosteum,  skin,
mucous  membranes,  or eyes,  which we  thought could be  ascribed to
the presence of Treponema pertenue infection.
There  have been  fifteen  rabbits  in  which lesions  of  an  uncertain
nature were observed in the scrotum.
In nine, the lesion consisted of a small reddish area developing about the site of
needle  puncture  and which  soon became  covered  with fine  scales of an opaque
yellowish color; removal of the scales revealed a slightly moist or weeping surface.
There was a slight thickening but no induration of the skin or subcutaneous tis-
sues,  and spirochetes  were  never demonstrated  by the dark-field  in preparations
obtained  from the moist surface or from fluid aspirated  from the involved skin.
In most instances  these superficial  lesions  showed periods of  regression followed
by a recurrence, but eventually healing was complete with no residual abnormality.
In size these areas averaged about 5.0 mm. in diameter but in one instance  there
was a gradual enlargement until a considerable portion of the scrotum was affected;
however, it was practically healed 75  days after inoculation.  One rabbit showed
a similar rose colored patch in the left scrotum (uninoculated side) which pursued
a  course  similar  to  the  patches  in  the  right  scrotum;  no  spirochetes  could  be
demonstrated by the dark-field  in fluid aspirated from either patch.
These lesions  clinically were suggestive  of a cuniculi infection, but
as no other lesions developed  about the genitalia, lips, or nose, and as
organisms  were  never  seen  in fluid  obtained  from  them, it may  be
presumed  that  they  were  not  caused  by  Treponema  cuniculi.  If,
on the  ther hand, they were caused by Treponema pertenue, they are
inconstant  features  of  the  infection  as  induced  by  intratesticular
inoculation  and it may be  stated here  that  similar  lesions have  not
been found to occur with scrotal inoculations of tissue emulsion or with
the implantation  in the  scrotum. of bits of infected  testicular tissue.
The significance  of  these lesions is not clear but it may be that they
bear some analogy to the furfuraceous eruption described as occasion-
ally preceding the papular yaw lesion of man.
There have been two  cases of large chancre-like  lesions of the right
scrotum  with similar but  much  smaller  lesions  of the left  following
inoculation of the right testicle.
There was a superficial  ulceration  of the  skin covered by a thin adherent scab
with some thickening of the surrounding tissues and base, but no induration.  Re-
gression and healing  took  place  rapidly.  Spirochetes were demonstrated in  fluid
aspirated from the edge of one right scrotal chancre (side of inoculation) but were
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not seen in fluid obtained from the other and from neither of the lesions occurring
in the left scrotum.  We have thought that trauma caused by the rabbit scratching
or biting  the scrota might have contributed  to the production  of  these lesions.
There have been four instances  of a small papule or nodule  in the
scrotum arising in the general region of needle puncture.  Spirochetes
were  demonstrated  in  one  of  these.  The  nodules  were  very  small,
not  more  than  2.0  or  3.0  mm.  in diameter,  translucent,  greyish in
color,  and  indurated,  and  showed  no  tendency  toward  ulceration.
Regression and complete absorption took place as was the case with the
reddened  patches  of  scrotal  thickening  but  was  definitely  more
prolonged.
DISCUSSION;
The study of a large number of rabbits inoculated intratesticularly
with  two  strains  of yaws  has  shown  that the manifestations  of  the
infection  are  essentially  local  and  of  a  relatively  mild  or  benign
character.
The characteristic reaction associated with this mode of inoculation
is a granular or finely nodular periorchitis.
It occurred, with one strain, in the first  rabbits  inoculated  from  the  patient,
and  in  the case of  a second strain,  in  a  rabbit  of  the  second  animal  passage,
and has been an almost constant feature  of the infection  in rabbits of subsequent
generations of both strains.  A slight roughening of the tunic or a few tiny nodules
are first palpable  about 3  weeks  after  inoculation.  During the succeeding  4  to
6 weeks  the nodules increase  in  number and are quite thickly scattered over the
tunic,  after which regression usually takes place fairly rapidly so that by the 3rd
month the tunic feels and appears to be entirely normal.  In some cases, there may
be  a single  nodule  of  much  larger  size,  pedunculated  and  of a warty  irregular
appearance.  Some degree of diffuse periorchitis is generally present at the height
of the nodular process  and in certain  animals there may be focal areas  of greater
thickening.  In typical form, these alterations are confined  to the visceral layer
of the tunica propria and there seems to be little tendency for the parietal layer or
the scrotum to become involved.
Lesions of the  testicular  parenchyma  are,  in most instances,  relatively slight
and are insignificant as compared with the changes of the tunic.  They consist of a
diffuse swelling of minor degree and of small areas of nodular thickening or resist-
ance situated, for the most part, in superficial portions of the organ.  Occasionally
small or medium sized nodules may develop which are indistinguishable  clinically
or upon inspection  from similar testicular nodules  caused by  T. pallidum.  The
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epididymis  not  infrequently  has  shown  some  enlargement  and  induration  of a
nodular character  and quite often three or four tiny nodules are  found upon the
surface of its tunic.  The head of  the epididymis has become  involved more fre-
quently than the tail and this may be due, in some instances, to a primary inocu-
lation  since  the testicle  is always inoculated  from above,  and in young rabbits
especially, this structure offers little obstruction to a sharp needle.
The infection produced in rabbits by these two strains of spirochetes
obtained  from patients  whose  condition  was  diagnosed  clinically  as
yaws,  presents  several points of contrast  with  that produced by six
strains of Treponema pallidum which we have studied for a number of
years.  In the first place, the granular periorchitis which has occurred
so constantly  in our yaws  rabbits is unlike any  lesion  of  the tunica
propria observed in the syphilis animals.
The  primary  reaction  to the intratesticular inoculation of  a tissue
emulsion  containing  Treponema  pallidum  is  primarily  within  the
parenchyma  of the testicle and is of two fundamental types.
In one group of animals the reaction is characterized by an intense cycle of acute
exudation  and infiltration with a lesser degree of proliferation  followed by  crisis
and subsequent  recurrence of secondary  cycles of proliferative reaction  of minor
degree.  In the other group of  animals  the  reaction  is more  chronic in character
and consists largely of infiltration  and proliferation  with a more gradual progres-
sion of the entire process.  In an intermediate group the reaction is subacute, com-
bining at the same time the processes of exudation, infiltration, and proliferation.
In cases of outspoken infection, there is a diffuse involvement of the tunic, epididy-
mis, and cord, but as the condition  progresses the lesions undergo many changes
and eventually  the  infection  becomes  centered  in  one  or  more foci  commonly
situated in the epididymis, tunics,  scrotum, or mediastinum  testis.  In the early
stages of an acute orchitis in which  the covering  of the testicle is commonly in-
volved, the tunic is often moist and sticky and presents  a glassy, semiopaque ap-
pearance.  On section it is found to be diffusely  thickened, usually quite resistant
or somewhat rubbery in consistency.  The diffuse thickening is generally uniform.
Later,  when the testicular  reaction has  become  chiefly proliferative,  it is not un-
usual to find extensions from the testicle to the parietal layer of the tunic and to
the scrotum.  In most instances, these are of a nodular character  and often reach
a considerable  size.  At first they are somewhat  gelatinous but soon become car-
tilaginous in consistency.  In a certain number of rabbits, however,  the later in-
volvement of the visceral and parietal layers of the tunica propria continues to be
of a diffuse character  and the two thickened structures are so fused  together  and
adherent  that it is often  impossible to separate  them.  When  the  scrotum also
becomes involved in the extension of the process necrosis of the skin is the rule with
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the formation  of a chancre.  Such lesions of the tunics are clinically  apparent an
appreciable time after the height of the acute orchitis, usually 2 or more weeks, and
are distinctly secondary to the testicular reaction, whereas the granular periorchitis
associated with the infectionof T. pertenue  is an early and decidedly the most prom-
inent  feature  of  the reaction  and  usually  is  sufficiently  developed  to  be easily
recognized by palpation approximately  3  weeks after inoculation.  Furthermore,
there is little or no tendency for the process to extend and involve the parietal layer
of the tunic or the scrotum.  The characteristic picture of multiple tiny nodules
or minute granular bodies of the tunic with or without a diffuse  thickening of this
structure has never been observed by us in experimental syphilis of the rabbit.
Occasionally  in  Treponema pertenue and  quite frequently  in  Tre-
ponema pallidum infections,  a small indurated nodule of a translucent
appearance may develop in the tunic or scrotum or in both structures
and in some instances their situation leads one to infer that they have
occurred at the site of needle puncture.  In the syphilis rabbits  such
a nodule frequently increases in size so that ultimately it is a cm.  or
more in diameter and if it involves the scrotum ulceration of the skin
practically  always  occurs.  In the  few  cases  in which  such a lesion
has  occurred  in the yaws  rabbits,  it  has  never  developed  beyond  a
small  nodule  or  papule  involving  the  parietal  layer  of  the  tunica
vaginalis  in  all  except  four  instances  when  it  was  situated  in  the
scrotum.  Ulceration  of  the  skin  did  not  occur  and  ultimately  the
nodules regressed and healed.  For the sake of completeness, mention
should  be  made  of  a  syphilitic  condition  of  the  parietal  tunic  and
scrotum which consists of small flat papules or plaques appearing after
the  development  of  the  primary  lesion  or  after  its  regression  and
healing.  Such multiple foci may fuse together to form larger  nodules
and, if in the scrotum, typical ulcerated chancres, or they may continue
to be discreet lesions of small size.  They are  usually quite indurated
and relatively persistent.  Lesions of this type have not been observed
in our rabbits  inoculated  intratesticularly  with Treponema pertenue.
Finally, it should be stated that lesions of the tunics occurring in con-
nection  with  an  orchitis  produced  by  four  strains  of  Treponema
pallidum of low virulence differ in no respect from those observed with
two  strains of  high virulence  except  in  degree  and  in the frequency
with which  such lesions  occurred.
A  second  point  of  difference  between  the  infection  of  these  two
strains  of  Treponema pertenue and that  of experimental  syphilis  has
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been the absence of generalized manifestations of the disease in remote
parts  of the body.
Although  in pallidum infections  the incidence  of secondary  lesions  as well as
their number, type,  degree of severity,  and duration  is subject to wide variations
depending upon  many factors,  their occurrence  is a prominent  characteristic  of
the disease.  With. strains of low virulence  for the rabbit,  as, for instance,  those
recently isolated, secondary lesions are,  as a rule, neither  numerous nor marked.
In rabbits which we have studied, inoculated with such organisms, lesions of the
eyes, chiefly a keratitis, have not been uncommon,  and there have been  instances
of  minor bone  involvement  and  small  cutaneous granulomata.  Strains  of pro-
nounced virulence for rabbits, such as the Nichols and the Zinsser-Hopkins  strains,
may give rise to many and very marked generalized lesions.  In contrast to these
conditions is the fact that we have never observed a single lesion in our yaws rab-
bits which  could be ascribed to T. pertenue other than a metastatic orchitis and a
lymph adenitis.
If one may look upon the primary lesion as the result of the opera-
tion of three factors, that is, the initial  stimulus due to the presence
of the organism and the sensitiveness  and the  reaction or resistance of
the host,  it  is evident  that  the  infection  of  Treponema pertenue is
comparatively mild.  The initial stimulus supplied by these organisms
does not arouse a pronounced  response upon the part of the host which
would be  manifested by a more extensive  or marked  primary lesion.
The degree of response  at the site of inoculation  is of the order of the
less virulent strains of Treponema  pallidum, but as has been mentioned
above,  secondary  lesions  occur  with  these  strains.  We  are  forced,
therefore,' to  the  conclusion  that  the  strains  of  Treponema pertenue
with  which  we  have  worked  do  not produce  generalized  lesions  in
remote parts of the body comparable  to those encountered  in experi-
mental  syphilis.  It  is possible,  however, that they are so slight as to
escape detection, or that they occur in unusual  locations and as such
have not been  recognized.  In making  the  comparison  between  the
occurrence  of generalized  lesions in one class  of spirochetal infections
and their absence  in another,  attention should  be  drawn to the  fact
that during much of the time our yaws experiments were  carried out,
secondary  lesions  of  experimental  syphilis have  been relatively  mild
and infrequent.  It  may well be, therefore,  that under circumstances
more  favorable  to  their  development,  generalized  lesions  in remote
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parts of the body will be found to occur in experimental infections with
Treponema pertenue.
A  third point of  difference  in the  Treponema  pertenue infection  is
that a clinical lymph adenitis does not occur with any regularity.
A characteristic  feature of experimental syphilis of the rabbit is the practically
constant occurrence  of some degree of involvement  of the superficial lymph nodes
and  especially  of  the  popliteal  group,  and  while there  are  active primary  and
secondary lesions, the popliteal nodes are usually definitely  enlarged and resistant
or indurated.  Later,  with  regression  and  healing  of  lesions,  and subsequently,
as the period  of latency  becomes  established, some abnormality  of the popliteal
nodes  generally  persists.  Furthermore,  it has  been  definitely  established  that
T. pallidum may be recovered from the popliteal glands by animal inoculation for
long periods  of time after  all syphilitic  lesions have healed.  The infection with
T. pertenue which we have seen differs from that of T. pallidum as regards a char-
acteristic lymph  adenitis.  An inguinal adenitis has sometimes occurred  and oc-
casionally we have had rabbits whose  popliteal nodes have become much smaller
and quite indurated  or fibrous,  but there has been no regularity in their involve-
ment.  In addition,  we have not been able to recover spirochetes  from the popli-
teal nodes by animal inoculation  several months after healing of the testicular and
tunic lesions.  We have not carried out a sufficient number of experiments, however,
to speak conclusively on this point, and considering the ease with which organisms
have been demonstrated  in the uninoculated  testicle and at least once in  the in-
guinal lymph nodes, it would seem not unlikely that they could  also  be  recovered
from  the  popliteal nodes during the period  of activity  of  the genital  lesions and
perhaps for some time subsequently.
Finally,  from the point of view  of the transmission  of a  human in-
fection to the experimental animal, we should like to call attention to
the fact that, in the case  of Treponema pertenue, the reaction  to infec-
tion in the rabbit bears some analogy to that of human beings.  Clini-
cal yaws is characterized  by a variable number  of cutaneous  papular
lesions which, in general, may be said to develop after the appearance
of the initial or "mother" yaw and as a consequence  of dissemination
of organisms from the initial focus of infection.  It would appear that
under the conditions of infection in man Treponema pertenue possesses
what might be termed a selective  action for the skin.  In the rabbit,
intratesticular  inoculation of  tissue emulsions  containing Treponema
pertenue is followed by a variable number of nodules developing in the
tunic of  the  testicle which,  from  their appearance,  might  be  called
"miniature" yaws of a serous membrane.  Under these conditions of
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inoculation there appears to be a selective action for the tunic covering
the  testicle.  Furthermore,  the  course  of  the cutaneous  eruption in
the human disease  tends towards spontaneous  regression and healing
and  this  tendency  is marked  in the  case  of  the periorchitis  of  the
experimental infection.  The occurrence  of tertiary yaws is described
by some writers and questioned by others but, in any event, lesions of
tissues other than the skin are not encountered in this disease with the
regularity which is an outspoken feature of untreated syphilis.  When
the course of a syphilitic infection of the rabbit is compared with that
of man,  particularly  in respect  to the lessened frequency  as  well  as
the type of generalized manifestations, it is not surprising that in such
an experimental infection as yaws, generalized lesions are not abundant
or conspicuous.
From  the  clinical  study  of  the  infection  produced  in  rabbits by
testicular  inoculation of  two strains of spirochetal  organisms  derived
from patients  suffering  from  clinical  yaws,  it would  appear  that we
are dealing with an experimental condition different in many important
respects  from that induced by known strains of Treponema pallidum.
While  this evidence  is not  sufficient  to warrant  the  conclusion  that
Treponema pertenue and  Treponema pallidum are distinct  species  of
organisms,  it is  clear that under  the conditions  with which  we  have
worked,  these  two  strains  of  Treponema  pertenue  possess  certain
biological  characteristics  which  are not  common to  Treponema palli-
dum.  In so far  as the lesions produced  by Treponema pertenue are
concerned,  the  type  of  periorchitis  so  far  associated  with intrates-
ticular  inoculation  has not been  observed  in  experimental  syphilis
and, in addition, it has been sufficiently  characteristic as to serve as a
distinguishing feature of the infection.
CONCLUSIONS  AND  SUMMARY.
From a study of rabbits inoculated intratesticularly with two strains
of treponemata  derived  from patients suffering from  clinical yaws, it
was found that a characteristic feature of the reaction to the infection
was  a well  marked periorchitis  of  a  granular or finely  nodular  type
with or without a diffuse involvement  of the tunic.  While lesions of
the  testicular parenchyma  also  occurred  they were  relatively  incon-
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spicuous  and  consisted  either  of  a minor  diffuse  orchitis  which  was
usually  followed  by  atrophy  and  fibrosis  of  the  organ, or  of  small
nodules; or there might be a combination of diffuse and nodular lesions.
The granular periorchitis could be recognized  clinically almost as soon
as any change could  be detected in the testicle, that is, about 3 weeks
after inoculation; in the following month the  covering of the  testicle
became  studded  with  numerous  tiny  indurated  nodules.  Subse-
quently  regression  and  healing  took  place  and  in  the majority  of
animals no  esions were  found 3 months  after inoculation.  In some
animals  residual  lesions  persisted  for  as  long  as  6  months.  The
granular periorchitis was a practically constant feature of the infection
and  was  unlike  any  lesion  of  the  tunic  observed  in  experimental
syphilis  of  the rabbit.  Treponemata  were  numerous  in  the  lesions
of the tunic and somewhat less so in the testicle itself.
Dissemination of organisms  to the uninoculated  testicle and to the
inguinal  lymph  nodes  was  demonstrated  by  animal  inoculation
although  the  clinical  signs  of a  metastatic  orchitis  and  periorchitis
were  slight  and  a  lymph  adenitis  was  an inconstant  feature  of the
infection.  Generalized lesions in remote parts of the body, similar to
those  occurring  in  experimental  syphilis  of  the  rabbit,  were  not
observed.
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EXPLANATION  OF  PLATE 24.
FIG.  1. 39  days  after  inoculation.  Typical  periorchitis  with  practically no
diffuse  thickening of the tunic.  The testicle is slightly swollen and enlarged and
there is a diffuse orchitis.
FIG.  2.  41 days after inoculation.  A marked acute periochitis of the character-
istic granular  type with a slight diffuse thickening  of the  tunic and two areas of
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greater  thickening.  There  is  a  moderate  diffuse  orchitis;  the  parenchyma  is
swollen and the prominent lobulations are larger than normal.
FIG.  3.  44  days  after  inoculation.  Typical  nodular  periorchitis  with  slight
diffuse thickening  of  the tunic.  The  testicle  is slightly  enlarged and  the  paren-
chyma  swollen  with prominent  lobulations.  There is one nodular  area situated
immediately  beneath  the  tunic  which  cuts  with  increased  resistance,  projects
slightly above the surface, and is semitranslucent and pinkish yellow in appearance.
FIG. 4.  87 days after inoculation.  Chronic granular periorchitis and an orchitis
of the nodular and diffuse type.  The  lesion  of  the tunic has regressed to the ex-
tent that the small nodules are generally confined to two or three areas.  The tunic
is slightly congested but not diffusely  thickened.  The testicle is also slightly con-
gested but not enlarged and  there are prominent  large lobulations of an irregular
character.  There are several  small and medium sized nodules projecting slightly
above  the  level  of  the  cut  surface.
FIG.  5.  54  days  after inoculation.  Residual  epididymitis.  The head  of  the
epididymis is approximately  twice normal size while the testicle is not enlarged.
The typical periorchitis  which was present  3  to 6 weeks after inoculation has re-
gressed almost completely,  and at this time the tunic shows only a slight thicken-
ing with a few tiny opaque points.  The slight diffuse orchitis has likewise prac-
tically disappeared.  The enlargement of the head of the epididymis is of a nodular
character and approaches the granulomatous  syphilide  in its induration;  on sec-
tion,  the cut  surface  presents  a moist,  glassy,  and  semitranslucent  appearance.
There are several  tiny nodules similar to those of the periorchitis in its substance.
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